In a conventional life-time experiment such as that described by Whaling et al. (1969) the intensity of a particular spectral line is measured as a function of distance downstream from the foil and from the known beam energy this is converted to / (o, 0. the intensity as a function of time t after excitation, /(o, 0 is then analysed to determine the life-time of the upper level of the transition. Some indication of the effects of cascading can be obtained by repeating the measurements at a different beam energy to see if the measured life-time is a function of the beam energy. If such a dependence on beam energy is found the measured life-time must be discarded.
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Because of the short duration of the beam-foil interaction a small fraction of the atoms (usually -10%) emerge from the foil in a state which is a coherent mixture of the magnetic substates of the level of interest. If a magnetic field B is applied transverse to the beam then, due to the presence of the coherent state, quantum beats are observed and the intensity as a function of B and / is I(B,t) = a I{t) + bI'(B,t) + c er"' (1 -cos 2w L t), where 7(0 = contribution from non-coherently excited atoms, I'(B, t) = contribution from unknown Bdependent mechanisms (e.g. "coherent cascades"), which is expected to be negligibly small and which has been looked for experimentally but not observed, and the last term is the signal of interest, the decaying quantum beats, where the beat frequency is the usual Larmor frequency w L . Thus by observing / (B, t) -I (o, t) = K e-" (1 -cos 2u L t) it should be possible to measure the cascade free life-time T. The first measurements of this kind were by Liu & Church ' (1972) who measured the life-time of the upper state of the « 4189.79 A line of Oil and found T = 6.8 ± .2 ns compared with ^ T = 20 ns determined by the conventional technique. , , > One of the disadvantages of life-time measurements based jj on the decay of quantum beats is that the signal to noise ratio L is poor as only ~ 10% of the atoms in the beam are coherently f; excited. This difficulty can be overcome by using tilted foil | excitation. When the beam is sent through a tilted foil coherent <? orientation of the magnetic substates occurs, i.e., the magnetic I substates are populated unequally and an analysis of the decay XI of circularly polarized light as a function of distance I downstream from the foil can be employed to obtain the level life-time. Again there are good theoretical reasons to believe that atoms which reach the level of interest by cascades do not exhibit coherent orientation and therefore do not contribute to the signal. The advantage of the tilted foil method is that it is not unusual for as many as 50% of the atoms in the beam to exhibit coherent orientation thus increasing the signal to noise ; ratio. I Life-times are at present being measured by both of these \ techniques in the Department of Physics at the University of • Queensland. Details of the experimental setup are given by • Christiansen et al. (1977) .
Once the life-time of a level of interest has been determined i . by beam foil spectroscopy it is necessary to partition the • reciprocal life-time between the various downward transitions '. from this common upper level. This partitioning is realized by • measuring the relative intensities of the lines in the downward branch of transitions. We are currently setting up a i conventional branching ratio experiment in which the lines in a II branch produced by a hollow cathode source are selected by a long focal length monochromator and their intensities compared photoelectrically. One of the lines in the branch (usually the strongest) is selected by a short focal length monochromator and its intensity is monitored to permit corrections to be made for variations in the output of the hollow cathode source during the measurements. Corrections for the change in response with wavelength are determined by substituting a calibrated tungsten ribbon filament lamp for the hollow cathode source. The experiment is controlled by an M6800 microprocessor which should relieve the tedium involved in the routine measurement of a large number of branching ratios of astrophysical interest.
The life-time measurements are in progress and the branching ratio experiment is in the final stage of development. We hope to present/-values of interest at future meetings. A 4-m telescope for mm-wave observations, particularly of spectral lines, was erected in mid-1976 at Epping by Krupp Ltd., Rheinhausen. A cooled mixer receiver was installed on the telescope in April 1977 and a series of test observations made during the remainder of the year, subject to the availability of the receiver and the multi-channel filter bank which were shared with the Parkes 64-m telescope. Table I gives some of the particulars of the 4-m telescope. The telescope is Cassegrain with an alt-azimuth mount. The basic drive and "control system were provided by Siemens Ltd., Munich, while the control desk and computer control were developed by J.G. Abies and A.J. Hunt at the CSIRO Division of Radiophysics. Two linked Digital Equipment Corporation PDP/11 computers are used for data collection and to enable the telescope to be driven in various coordinate systems. The receiver, which incorporates a mixer cooled to liquid nitrogen temperature (80 K), has been described by McCulloch et al. (1977) .
The focal adjustments, the beamwidth determination and the pointing investigation were made using observations towards 0.7 dB typical (equivalent to 15 mm water) Absorber covering feedyields sky-ambient differential 0.08 K r.m.s. for T s = 1200 K (T R = 1000 K and 0.7 dB attenuation) the edges of the Sun and Moon. The beam efficiency of 65-70% for extended objects such as the Sun and Moon is somewhat low. This is probably the result of off-axis operation of the feed and blockage along the radiation path (which could be lessened by a re-design of the receiver package), rather than the result of surface inaccuracies in excess of specification. The residual antenna temperature at the receiver input, after correcting for atmospheric radiation, was 40-45 K, probably arising from spillover absorbed by the ground and from some ohmic loss in the antenna itself.
To date astronomical observations have consisted of continuum mapping of the Sun and spectral line observations of HCO* at 89.2 GHz and HCN at 88.6 GHz. The system performance is summarized in Table II than anticipated for a cooled mixer receiver. The frequency coverage of the spectrometer needs to be increased by at least a factor of 10 to permit line observations in the galactic centre region and in external galaxies. galactic nucleus. The features at other velocities are associated with clouds or spiral features that can be traced over larger ranges of galactic longitude, implying locations which are more distant from the nucleus. In particular, the features near zero velocity have been traditionally associated with molecular clouds within 1-2 kpc of the Sun. However, HjCO observations with high velocity resolution provide evidence that one cloud with velocity near zero is probably near the galactic nucleus.
The observations formed part of a large survey of the l n -l i o line of H 2 CO (rest frequency 4829.660 MHz) towards the galactic centre region, which was carried out with the Parkes 64-m radio telescope during the period November 1973-March 1976. The half-intensity beamwidth was 4'.4 arc; the overall system temperature on cold sky was about 60 K. Line profiles of the absorption (mainly against the radio continuum near the galactic nucleus) were obtained at a series of positions separated by 3' arc in right ascension or declination. Each spectrum, integrated for five minutes, was derived using the Parkes digital correlator in the total power mode; with a bandwidth of 1 MHz and 512 channels the effective resolution after Hanning smoothing was 0.24 km s~\ Periodically, reference spectra were observed in a direction well away from the galactic centre region. In the directions where H 2 CO absorption extended across the entire spectrum, spectral baselines were estimated from lower-resolution spectra covering a bandwidth of 5 MHz. Continuum intensities were recorded simultaneously with the spectral observations. These and the line intensities were converted to a scale of beam brightness at 5 GHz assuming a flux density of 6.0 Jy for the small-diameter radio source PKS 1934-63. 
